This experimental research is focused on the effect of concrete made by incorporating lime treated Palm Kernel Shell (PKS) & Sugarcane Bagasse Ash (SCBA) as partial replacements of coarse aggregates and Ordinary Portland Cement (OPC) respectively. An experimental analysis for concrete grade 30 with a mix design ratio of 1:1.97:3.71 of cement:fine aggregates:coarse aggregates with a constant water to cement ratio of 0.5, was used. Physical tests such as workability on fresh concrete and water absorption on hardened concrete of each batch were carried out. Mechanical tests like compressive strength and split tensile strength were carried out on hardened concrete cubes (100 mm × 100 mm × 100 mm) and cylinders (100 mm × 200 mm) at 7 and 28 days. The experimental results obtained in this study indicate the possibility of using up 15% of lime treated PKS and 10% of SCBA for production of structural concrete.
the world. It is the second most consumed substance on earth after water [1] .
According to [2] its usage is around 10 billion tons per year, which is equivalent to 1 ton per every living person and 1.7 tons per person in the United States.
About 50% -80% of its volume are aggregates that consist of natural crushed stones and sand. Due to the depletion of natural resources, worry is gaining place in the construction industry. In addition, since the bonding material in the concrete is cement, the high demand for this material has led to an increase in cost, making it the most expensive construction material. In view of the magnitude of these problems, combined with the problem of waste disposal, researchers decided to look for other ecological materials that could be used in the production of concrete.
The incorporation of agricultural waste material for concrete production can considerably reduce the cost incurred in buying coarse aggregate, which results in a potential reduction in the total cost of construction and will also reduce environment pollution [3] . Industrial actions produce significant quantities of non-biodegradables solid waste. Most of this waste consists of industrial waste (such as, sandpaper, chemical solvents, industrial by products, paints, paper products, metal and radioactive waste), municipal waste (such as plastics), and agricultural waste (natural fibers and such as palm kernel shell).
Palm kernel is the edible seed of the oil palm fruit. The fruit yields two distinct oils: palm oil derived from the outer parts of the fruit, and palm kernel oil derived from the kernel (FAO, 2002) . Considerable amount of waste in form of PKS is generated during oil extraction. A PKS is an interesting alternative for combating problems of overexploitation of conventional aggregates in concrete whose global production increases regularly. The efforts of researchers are to achieve how to use that waste materials in concrete.
Materials and Methods
Ordinary Portland cement Type I (CEM I 42.5N) conforming to the requirements of [4] was used as a binding agent. According to [5] , the treatment of PKS with lime reduce the amount of it water absorption. Hence, the Palm Kernel Shell obtained from Uganda at Kalangala island was treated with lime to make the shell less permeable. The treatment was done by putting PKS in lime solution (40 g/l) for 2 hours follow by air drying to obtain saturated surface dried such that the water cement ratio was not affected. It met the requirement of [6] . The coarse and fine aggregate were locally obtained with nominal size of 20 mm for coarse aggregate and maximum size of 5 mm for fine aggregate. Both aggregates met the requirement of [6] . The Sugar Cane Bagasse Ash used was locally obtained from sugar manufacturing industry in Kakamega County (KENYA) and was prepared by sieving on 0.075 mm sieve. It met the requirement of [7] . The mix ratio of 1:1.97:3.71 for cement:fine aggregates:coarse aggregates with a constant water to cement ratio of 0.5 was used. The target grade of concrete was C30 and the specimens size used was cubes (100 mm × 
Material Characteristics
The characteristics of PKS, SCBA, OPC, coarse and fine aggregates are in terms of Aggregate Crushing Value (ACV), Aggregate Impact Value (AIV), compressive strength, density, particle size distribution, specific gravity, splitting tensile strength, water absorption, and workability.
Characterization of PKS, Coarse Aggregate and Fine Aggregate
The particle size distribution of coarse aggregate and PKS are presented in Fig were between 5 mm to 25 mm. Both of their curves were between upper and lower limit curve referenced in [6] . From the graph, it was noticed that the particle size of PKS are closer to upper limit envelope, which mean that the PKS has various bigger size of particles and can lead to the production of concrete with many voids, or the use of a larger portion of fine aggregate to fill those voids between the aggregates. As presented in Figure 3 , the particles size of fine aggregates was between 0.15 to 4.75 mm. It can be seen that the particles of fine aggregates satisfied the re- [6] , which requires that the fine aggregate be less the 45% retained on any one sieve. As shown in Table 1 , although the water absorption of treated PKS is lower than untreated PKS, both are higher than the water absorption of coarse aggregate. This high-water absorption of treated PKS could lead to poor concrete workability as the quantified water for a given concrete workability might be absorbed by the PKS. The specific gravity for coarse aggregate and PKS were 2.49 and 1.01 respectively. According to [8] , aggregates with specific gravity less than 2.4 are classified as light-weight aggregate (LWA). Hence, PKS can be categorized as a light-weight aggregate (LWA) since his specific gravity is less than 2.4. The ACV for coarse aggregate and PKS satisfied [9] requirement since the maximum recommended was 30%. This induces that the PKS can be used for surface pavement. According to [10] , the specified limit for AIV for aggregates which are adequate for concrete with good impact resistance is 25%. Therefore, PKS and coarse aggregate showed better impact resistance and are in adequation with [10] .
For the fine aggregate, his specific gravity was 2.45 while the fineness modulus gested that the fineness modulus be kept between 2.3 and 3.1. This is due to the fact that a "very fine" fine aggregate will increase water demand on the mix, while a "very coarse" fine aggregate could compromise workability. Hence, the fineness modulus results obtained shows that the material was not very fine and not very coarse either, and therefore suitable for the production of concrete with high workability and finish-ability.
Characteristics of Sugarcane Bagasse Ash and Ordinary Portland Cement
The maximum particle size of SCBA used in this research was 0.075 mm (75 µm).
Its hydrometer analysis result is presented in Figure 4 . From the Figure, about 28% of it particles were between 0.002 mm (2 µm) to 0.02 mm (20 µm), and 72% between 0.02 mm (20 µm) to 0.065 mm (65 µm). Due to this finesse particle, the surface area and water demand of SCBA improved. In terms of specific gravity, the SCBA and OPC were 2.00 and 3.09 respectively. Due to the fact that the specific gravity was below 2.40, it can be said that the SCBA used in this research was lightweight material [8] . The low specific gravity of SCBA can contribute in the reduction of concrete density. 
Chemical Analysis of Sugarcane Bagasse Ash and Ordinary Portland Cement
As shown in Table 2 , the silica (SiO 2 ) content of SCBA is 297% higher than that of cement while the free lime content (CaO) of cement is higher than SCBA by 94.86%. Despite this, we noted that the SCBA satisfied the minimum requirement of [7] which required 70% for a good pozzolana.
Therefore, the presence of silica and alumina above the minimum requirement for a good pozzolana shows the ability of the SCBA to form cementitious compound when mixed with the free lime of the OPC in the presence of moisture. Calcium oxide is required for the formation of Tricalcium silicate and Dicalcium silicate which both reacts with water to form Calcium silicate hydrate which gives concrete its strength. can also be attributed to SCBA, as it particle sizes was very fine (75 µ mm), hence increase in the amount of fines in the mix as compared to the OPC.
Hence, decrease in workability with increase in lime treated PKS & SCBA might require more compacting efforts which can lead to poor compaction. Poor compaction thus leads to leaving voids in the concrete which can cause reduction in concrete strength, density, and durability. Also, poor compacted concrete can increase the water absorption of concrete which affects concrete durability.
Consequently, when using both lime treated PKS & SCBA, superplasticizers should be used in order to improve the workability of the concrete.
Water Absorption of Lime Treated PKS and SCBA Concrete
The water absorption of lime treated PKS concrete increased slightly as the percentage replacement of lime treated PKS increase as shown in Figure 8 . At 0% This reduction in workability can be attributed to increase in the water absorption of the mix which must have resulted in the presence of voids in the hardened concrete. It is in order with the report of [12] . Similar result was obtained from Figure 9 for SCBA concrete which shows a rise in the water absorption of concrete as the percentage of SCBA increases from 1.72% in the control to 2.80% at 20% SCBA content. This is due to the high absorptivity characteristic of SCBA as it particles was very fine. 
Density of Lime Treated PKS and SCBA Concrete
The hardened bulk density of all lime treated PKS concrete and SCBA concrete prepared in this study are graphically presented in Figure 11 & Figure 12 . The density of lime treated PKS concrete increased from 7 days to 28 days while decreased as the percentage of substitution increased. This can be attributed to the low specific gravity of PKS which lead to porous concrete and can reduce the compressive strength. Similar results were observed on density of SCBA concrete.
It could be as a result that SCBA having a less bulk density of 554.13 kg/m 3 as compared to that of OPC which was 1396.67 kg/m 3 . It is consistent with [11] who reported, the average density of concrete decreases with increase in percentage replacement of SCBA with cement.
From Figure 13 , the hardened density of lime treated PKS & SCBA concrete increased from 7 to 28 days, although a decrease was noticed with increase in the percentage replacement. This reduction is expected as the constituent materials were observed to be lighter than their replacements. Also, it can be said that because of the reduction in slump, there must have been poor compaction which 
Compressive Strength of Lime Treated PKS and SCBA Concrete
Compressive strength is the capacity of a material or structure to withstand loads tending to reduce size. The compressive strength of concrete is one of the most important and useful properties of concrete. In most structural applications, concrete is used primarily to resist compressive stresses. It is obtained by dividing the maximum load applied to the cube by the cross-sectional area [14] . From the experimental investigation, the compressive strength of lime treated PKS concrete ( Figure 14) shows that the concrete gains strength with an increase in the curing age as the 7 days strength was lower than 28 days but decreases with an increase in PKS replacement. It could be noticed that the control mix has the highest compressive strength. The compressive strength decreased at respective As presented in Figure 16 , aggregates thereby resulting into weak bonding as more cement paste might have been demanded. Again, since lime-pozzolana reactions required time, it could be that the 28 days curing period was not sufficient for the full development of the strength and thus resulting in the reduction of the compressive strength.
According to [16] a compressive strength within the range of 20 to 45 MPa is classified as good for normal weight concrete. Hence up to 15% of lime treated PKS and 10% of SCBA can be used as partial replacement of coarse aggregate and OPC respectively in production of structural concrete.
Splitting Tensile Strength of Lime Treated PKS and SCBA Concrete
The tensile strength of concrete is one of the basic and important properties which greatly affect the extent and size of cracking in structures. 
Conclusions and Recommendations

Conclusions
From the experimental investigation of this research, the following conclusion can be made. 
Recommendations
From the study, the following recommendations will be suggested:
• Used up 15% of lime treated PKS and 10% of SCBA for production of structural concrete. It will help in preservation of natural resources by reducing high demand of coarse aggregate and OPC;
• Extend compressive strength test up to 90 days to follow the strength development over time, as the pozzolanic (SCBA) reaction is a long-term reaction;
• Durability test, such as chemical resistance should be made on lime treated PKS and SCBA concrete to see the effect in aggressive environment.
